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in each event:

D. Teaney and L. Yan, PRC86, 044908(2012) (Editors’ Suggestions)
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Connecting the initial state to the final state: hydrodynamic response 
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High energy: approximate linear 
Response in each event

https://dx.doi.org/10.1103/PhysRevC.86.044908
https://journals.aps.org/prc/pdf/10.1103/PhysRevC.105.014905


The unique isobar run in heavy-ion collisions 
1) !!"#Ru+!!"#Ru, !$"#Zr+!$"#Zr with same mass number (A)
2) Special operation mode:
• Fill-by-fill switching between Ru+Ru and Zr+Zr
• Similar run conditions at STAR (minimize the 

systematics)

Zr Zr

Ru Ru

Zr Zr

Ru Ru

3) Ideal system to study nuclear structure:

Isobar run originally dedicated to CME search
M. S. Abdallah et al. (STAR), PRC105, 014901(2022)

Significant departure from one
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.014901


Nuclear deformation experimental data on 96Ru and 96Zr

Lower energy experiments show large 𝛽%,'( and strong 𝛽),*+

Nuclear structure experimental data on Ru/Zr 𝛽!:

96Ru

S. Landsberger et al. PRC21, 588(1980) P. L.K, NDS68, 165(1993)

3075.9

Coulomb excitation

C. Kremer et al., PRL117, 172503 (2016)

96Zr

𝛾 ray transitions (life time)
H. Ohm et. al.,PLB241, 472(1990)

H. Mach et. al., PRC42R, 811(1990)

D. Pantelica et al., PRC72, 024304(2005)

L. Iskra et al., PLB788, 396(2019)

P. L.K, NDS68, 165(1993)
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https://journals.aps.org/prc/pdf/10.1103/PhysRevC.21.588
https://www.sciencedirect.com/science/article/abs/pii/S0090375283710069?via%3Dihub
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.117.172503
https://www.sciencedirect.com/science/article/abs/pii/0370269390918545
https://journals.aps.org/prc/pdf/10.1103/PhysRevC.42.R811
https://journals.aps.org/prc/pdf/10.1103/PhysRevC.72.024304
https://reader.elsevier.com/reader/sd/pii/S0370269318308943?token=4E256F1BA01A62342F3C7AB890BE513FA50769A7DE2D62A64D7F79A15A222E924E615433CAD3C6229530AC57AD5820F4&originRegion=us-east-1&originCreation=20220117210130
https://www.sciencedirect.com/science/article/abs/pii/S0090375283710069?via%3Dihub


Nuclear structure effect on the initial state 
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𝑅$ has some effect with unexpected big change
𝑎$ enhance it in mid-central
𝛽% decrease it in central
𝛽) decrease it in central

N!" N!"N!" N!"
𝑅$ has some effect with unexpected big change
𝑎$ enhance 𝜖% in mid-central
𝛽% enhance 𝜖% in from mid-central to central
𝛽) enhance 𝜖% in mid-central
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𝑅$ has some effect with unexpected big change
𝑎$ decrease 𝜖% in mid-central
𝛽% has no effect on 𝜖)
𝛽) enhance 𝜖) in mid-central

chN
0 100 200 300

) r
at

io
ch

p(
N

0.9

1

1.1

R = -0.07 fmΔ
R = -0.14 fmΔ
R = -0.24 fmΔ
R = -0.34 fmΔ
R = -0.54 fmΔ
R = -0.74 fmΔ
R = -1.04 fmΔ
R = -1.54 fmΔ
R = -2.04 fmΔ

quark Glauber Model

chN
0 100 200 300

1

1.05

1.1

1.15

a = -0.07 fmΔ
a = -0.105 fmΔ
a = -0.14 fmΔ

a = -0.19 fmΔ

a = -0.24 fmΔ

a = -0.34 fmΔ

a = -0.44 fmΔ

chN
0 100 200 300

0.8

0.9

1

 = 0.06
2
β

 = 0.10
2
β

 = 0.15
2
β

 = 0.2
2
β

chN
0 100 200 300

0.8

0.9

1

 = 0.10
3
β

 = 0.15
3
β

 = 0.20
3
β

 = 0.25
3
β

chN0 100 200 300

 ra
tio

2∈

0.9

1

1.1

1.2

chN0 100 200 300

0.9

1

1.1

1.2

chN0 100 200 300

0.9

1

1.1

1.2

chN0 100 200 300

0.9

1

1.1

1.2

chN
0 100 200 300

 ra
tio

3∈

0.8

0.9

1

1.1

chN
0 100 200 300

0.8

0.9

1

1.1

chN
0 100 200 300

1

1.1

1.2

1.3

chN
0 100 200 300

1

1.1

1.2

1.3

R dependenceΔ a dependenceΔ  dependence2β  dependence3β



chN
0 100 200 300

) r
at

io
ch

p(
N

0.85

0.9

0.95

1

R = -0.07 fmD

R = -0.24 fmD

R = -0.54 fmD

R = -1.04 fmD

R = -2.04 fmD

quark Glauber Model

chN
0 100 200 300

0.95

1

1.05

1.1
a = -0.07 fmD

a = -0.14 fmD

a = -0.24 fmD

a = -0.44 fmD

chN
0 100 200 300

0.85

0.9

0.95

1

 = 0.06
2
b

 = 0.10
2
b

 = 0.15
2
b

 = 0.2
2
b

chN
0 100 200 300

1

1.05

1.1

1.15

 = 0.10
3
b

 = 0.15
3
b

 = 0.20
3
b

 = 0.25
3
b

chN0 100 200 300

 ra
tio

2Î

0.96

0.98

1

1.02

chN0 100 200 300

0.98

1

1.02

1.04

chN0 100 200 300
1

1.05

1.1

1.15

chN0 100 200 300

0.9

0.95

1

chN
0 100 200 300

 ra
tio

3Î

0.96

0.98

1

1.02

chN
0 100 200 300

0.96

0.98

1

1.02

chN
0 100 200 300

0.95

1

1.05

chN
0 100 200 300

0.8

0.85

0.9

0.95

1

R dependenceD
R= 0.07 fmDscaled to 

a dependenceD
a = -0.06 fmDscaled to 

 dependence2b
 = 0.02262

2bDscaled to 
 dependence3b

 = -0.042
3bDscaled to 

RBRC workshop Chunjian Zhang 6

Scaling approach to nuclear structure on the initial state 

nearly perfect scaling over the wide range of 
parameter values 

Is it linear? 

Yes, only scale a constant value



Verifies the relation:

nearly perfect scaling over the wide range of 
parameter values 

cn can be determined more precisely by using 
a larger change of these parameters 
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Scaling approach to nuclear structure on the final state 

N"# N"# N"# N"#

N"# N"# N"# N"#
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ü The large differences of v2 and v3 suggest 𝜷2,Ru ≫ 𝜷2,Zr and 𝜷3,Ru ≪ 𝜷3,Zr .
Cancelation expected in 
non-central collisions

Heavy-ion expectation: 1) v2 ratio: large 𝛽!,#$, negative contribution from 𝛽%,&' ⇒ Sharper increase in central

4) No significant effect due to nuclear size

Nuclear structure via multiplicity ratio and flow ratio

J. Jia, PRC105, 014905(2022) (Editors’ Suggestions)C. Zhang and J. Jia, PRL128, 022301(2022);

J. Jia and C. Zhang, arXiv:2111.15559v1
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3) Residual effect due to radial structure, e.g., neutron skin in Zr
2) v3 ratio: strong decrease from 𝛽%,&' with negligible 𝛽!,#$ distortion 
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https://journals.aps.org/prc/pdf/10.1103/PhysRevC.105.014905
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.022301
https://arxiv.org/pdf/2111.15559.pdf


A direct algebra linked to neutron skin 
Using relation for WS: 

Neutron skin expressed by R and a parameters for nucleons and protons: 

The difference between two isobar systems can be expressed as:

where 

Can obtain skin diff. from ΔR0 Δa for nucleons and known ΔR0 Δa for protons 
Example: H.J. Xu et. al., PLB819, 1136453(2021)

Direct calc.: Δ(Δrnp)=0.0296 fm – 0.1606 fm = -0.1310 fm

Formula: Δ(Δrnp)= -0.1319 fm <1% difference 
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https://arxiv.org/abs/2103.05595


Conclusions and Outlooks
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ü The final state bulk observables v2, v3 and p(Nch) follow a simple dependences on the variation of parameters:

3) A new approach to constrain the collective nuclear structure parameters:

ü The cn can be determined precisely in a given model.

ü The data-model comparison can precisely constrain the dependence of nuclear parameters:

ü Achieve to obtain the difference of neutron skin between two isobar systems:

1) Demonstration: the nuclear structure effect on bulk observables.
2) AMPT could describe the STAR published data quantitatively in a broad centrality.

4) Unique opportunities by relativistic collisions of isobars as a tool to study nuclear structure. 

Thank you for listening and also many thanks to RBRC



Neutron skin or halo in 96Zr
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H. Kaur et al., Nucl. Phys.62, 350 (2017)

M. Centelles et al., PRL102, 122502(2009)

Neutron skin 

A. Trzcinska et al., PRL87, 082501(2001)
B. T. Reed et al., PRL126, 172503(2021) D. Adhikari et al., (PREX) PRL126, 172502(2021)

H.J. Xu et al., PLB819, 1146453(2021)

96Zr have neutron skin 

B. S. Hameed, Ph. D thesis

Fundamental importance in nuclear and astrophysics 

?

Distribution has more sophisticated form, 
but typically parameterized with WS

https://inspirehep.net/files/850da5825cc3ef26f6c0bf8ff1921b9d
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.102.122502
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.87.082501
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.172503
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.172502
https://arxiv.org/abs/2103.05595
https://www.researchgate.net/profile/Ban-Sabah-Hameed/publication/325251475_Theoretical_Study_of_Nuclear_Structure_for_Electro-Excitation_States_of_Some_Exotic_Nuclei/links/5b004723aca2720ba096ead2/Theoretical-Study-of-Nuclear-Structure-for-Electro-Excitation-States-of-Some-Exotic-Nuclei.pdf

